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ABSTRACT: 

PURPOSE: To make possible the operation of an ion sensor 
provided with a 

reference electrode on a single power supply by controlling at 
least a 

threshold value of MOSFET and the like of a signal processing 
circuit. 

CONSTITUTION: A sensor device 22 incorporating a sensor 17 
and a reference 

electrode 23 are arranged in a measurement solution 21. A lead 
wire 14A is 

connected to the positive terminal of a battery 25 and a lead 
wire 15A is 

connected to the negative terminal thereof. An output signal 
16A of the device 

22 is input by the use of a voltmeter 26 and indicated as 
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voltage data. In 

this constitution, since operation is performed only by 
connecting an electrode 

23 to the negative terminal of the battery 25 for supplying 
power to the device 

22, any power source exclusive for the electrode 23 as not 
required. As the 

result, either one threshold value or both threshold values of 
nMOS and ISFET 

principles provided in the input stage of a signal processing 
circuit in a 

stage for producing the device 22 are controlled in order to 

operate the sensor 

circuit and can be set at a proper value. 
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1 

82-f :t>®»as«im-r^^i^< tfe i -Do-i^y^is. 
»&:frLrx*b. iaiBttttim^&. A*a»c^*ns 

■fe>i}-. 

amiss tti2#^asts, i^-cAx-xJi'rtfc 

^^T. ill2®#J5ai5lBK#R<6«filirKlC<t-3T«lriS 
[H*a91 »*ja5E«©ftttft:>f3f>-fe>iJ-fc* 

fi^iiEa#«i«3!¥^«T©y- h«ffit»«sn 
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2 

[||«JB101 il*JH6E«©^lil9fl:'f^>•fe>■!^fc 

*ViT. taE»SttfiI5«tt, ME-f^t^SlSISAitftES 

tifit38aE«^3S«^¥3i#35i^ ®y- 

nfc. R{t;e&, Kiu-f u i^-? a®5 

* n3»» 1 o©^»fldRT?*s d ts^at-rssi 

[000 1] 
[0002] 

[fl£*®S«] MOSFETSiflJfflL&'f:t>-fe>-i)-? 
Sdon Sensitive) FETTtt. y-htt»R© 

SFET*?!|fflL&a)3£lp|l»tLT» WAtflEEE Trans 
actions on Electron Devices, vol. ED-26, No. 12(1979) 

PP1939-1944 ^mmtsnt!i'h<Difi»^. z.<DScm:mfk 
-^©^©aEEtmiss-en-en-jgc-rsfc*©*)!^ 

[0 0 0 3] ffi©ae3fe©'f:t>-fe>1*-©«!^«i:L/Ttt 
Sensors and Actuators ,4, (1983).i)|>291-298 IcM^S 

n&t>©***«, rw-f^t^-fev-D-Ttt. iJE5:if®Fi . 

>«« fcWr 4«^*©#9'f L/TMO S F E 

[0 0 0 4] 

[SimifimiLJ:*»tr!&mm mmo i s f ET©n 

®2t)®«liK*ti^St«:D. •t-®&«i)lclSII»*ti9U 
fi!«:RS«;^&fift©-k^«ffi&»T. »«[4'©«ftS 

#M®Sttit3r*t>Ti^ffifcfflVJen**». •fe>D-© 

ftt^i;fi»©W3£«-fe>lMill8*»je5«t;0:0, -trofc 
«)fc-fe>t)-©S@«|«*tMlc«J(ltft«. iE-f 
:t>-fe>-y-*<^5<&&fc. ^«:tfOin vivo lh»lOJ:3 

[0 0 0 5] *fc. -f:^->i8«BltMOSFETOy- 
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3 

[0 0 0 61 tr5T. fit*. fclWtStlfcS 

■S)OMOSFET£{i^5«^t. — ?5r®MOSFET 10 
*I SFETT?efrlft;in«, I SFETSfflV^fc'f* 

7*n<7|5||»&|gS^IIEt1--5fc«)lcH. A*a»cE» 
atlfcMO S F E T 1 1 S F E T©«je±®ft1#1t. 

>*;v©ii^©y- h«i®?£. svwc, aist-Hfts-a- 

^L.T'f :J->a!i6:iS* WtWKfiiaUfcfle*©-^ :t>-fe 
SMMffifflf-St. I SFET©1$tt*l. MOSFET 

©»ttt-ftU)!c<a:-5. 2i©!is». m^omnifiUfi 
e-ftis©?, ir>t}-©ffi:/j««jE-rais®!8**i;. m 

j£IlM©&ie>tcisl%«}l!K«t^^)^-&. 

[0 0 0 71 *!«Qg©mi©sn»> #fia«fisffiit« 

30 

[0 0 0 81 *5!?8©B2 0Bfi<)tt, g«fffi®fieffllCJ: 

t>Tt>a!lJe!!*^t©«l^««fl;*tBt^t•ft<. 

[0 0 0 91 

[a)is»ftr«fc«)©*ai ^^miz%i,mi<om& 
sFET^s^t-LT^ia*, ffija-rsM^Maingst. 

^©M-7^^©m£EBi«l::^;g$n^#fiS«S^. lEft 
0 2r)©«^**U. 2O©<g^*^bTii^«lll0» 

cBi!i«:<j<6«ii&-r-5t*ic, 2t)©«^©v>rn*>- 

^iia31liIK©MO S F E T^©^ft: < t 1 0©L€rt» 



4$n¥4-3 636 5 1 

4 

[0 0 101 *l6MC»5««Mk'f3r>-fe>U-tt. 

t<tt. »i©«ii«fc*v>T. 'f:i->a;jgKt«^«ia! 

I5I»*t 1 o©*J)M*:illffllil?ST;t'f 7. t vxm&fstu 
[0 0 111 *ffil«C»<5«aft:'f:j->-l:>-!J-tt. SIC 

:6V>T. Si:. 'f:!i->SlSIK&1t^ttli|BlK2:#llS«« 

ts. i:3©-fe>i}^n-fxtUT»)*r«iit*tTsr 

-5. 

[0 0 1 21 ±S©&«l^-eK. AAa®MOSFET 
«©b«VifflS«*««i«rfcttWr«J:tfcJ:D. « 

^ X -> 3 >^'f :/fcf^na. #Bafiffi®«iR t 

UT-t:>-9-|5lMffl®«S&*aCfflV»Swt3&tT?fr. -k 
[0 0 1 31 *ie?g{r«5m2©«:fflft'f rt^-t^lJ- 

[0 0 1 41 *55MC«5*«ft'f :j->-fe>i}-tt. 

KB, i(najBi©«iSfc*v>T. »«ttfis«»c> -i^ 
ymj^mamm-insL-Duo s f ET©y- matft 
»^tiit. ^^m^m. f&. »©^^®^sv)-rn 
39>i-3©^jBR. x«»fl:/'«7i?'>A. mit^^. mit 
■i u 5?!>A©5%i»fn38> 1 r>©^KflaS)fi«ffifflan 

[0 0 151 ^^MfclSS^fflfll'f^t^-fe^^j-tt, ff* 
L<B, iWB»2©«||«K:*HT> HflttSBflC. 'f:^- 

>s*SR*^«aanj.:3Mo s f ET®y- h«aic» 
fianA:> B^m^wi. ^> »©^«©7«v^-rn 

u 5?'?A©5%t»-rn* 1 t>©^»ftR50««[fflsn 

[00 161 

s«KiM#iaaisi)is©A*a tsjt&Mo s f e t© 

y- hS« t ®M&»®tt»«-C»ttLl.:PMO S F E 
T©U#v»fi*«m--5c:tK:J:D. #Jafl«»c»ffl© 

aiS£fflig«-r, «^j!iaiHiK®«is&^i;ffl-rsrt 

lr>©*3Wt:7^m::^tUT?';/:/fl:r$^>. 
[0 0 171 *fc-f:t>aW:RtMOSFET©y-h 

lci^»«^AS©Sfail:-r*. ^^>±>D-ifi. XUWt 

»c«fte®Mo s F E T (xttjftsy- hjiis© i s f 
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5 

osFET©y-h«ffit®wica^@^o«aBSift 

[0 0 18] 

[0 0 1 91 Hltt*56i!?fc«5*iafl:^5r>fe>1»-© 

S«i 1 <D±lC«ftO««¥S#lii?«f)g|£dn£. 2 

tt, nMOS (2A) tpMOS (2B) d^e^SSCM 
OS*^--C»0» 3tt, fti6-r5<t5C. MOSFET 

MOS (2B) tt, ->U3>SSllCJ^(SatlfcnWE 
LL4ICj;0-€-©«fi©*«*«^-*^e^J-»^En5. pM 

OS (2B) ®y-xtHP-f>tt. -en-fnp* ittt 20 

V>Tt>5. nMOS (2A) tISFET*?^3 

tt, ->U3>»«ifc»j«an&pwELL7'r-€-©«6 

©i|i«^t:^^*>6»Bian, jmeov-xtHw > 

iCli-tn-ftln* it«tS8*lfflV»6n«. ISFET^ 
^3»a. »*«fcMOSFETiR?-iBU«ljS&^f-r 

« 1 0 a Sy- hSfi 9 iCftlKb. Sfc. 5^;? >B 1 0 

b *^bT7;i'5-'>AiB« 10a K:»aisn« X 

11*. y^PSn^/AESl 0 a©±l;:a;lt5«fc5fcb 
TViS. ^^i'i'll 0b»4«©StbT<Pffi-r-5. 
[0 0 2 01 -f :t>-fe>1)-©xn'f X©±ffil::ttSHr^ 
ffi(ct»fc 0 * U 'f 5 HK 1 2 «J»H3 n, T^/t-f x©± 

Bifeff u -f 5 HK 1 2 -rftaana. s u 5 

HIS 1 2 ©-SSCtt, ^;&:< t >b l fi©«^«RJ^©« 
S^diU S««©*t'f:j->«*:iBl3*«tt-SJ:5 
iriee?fe^l 114:3? 'J ■I' 5 HSl 2 cat) 

n&«ffi-c. nmm<om. •r»t>%'f*>aasKi3 
©E»flf0f*TSiKsnTt»«. a^B 1 1 ©itatt'f 

:t>^Ji£;iSl 3tHS|g-©}g«&^U. aSEifefflB'f 
:t>JS*lfil 3T«ta3nTt>5, CdbTe^H 1 
tt. ■€-©5felS*M:t>S8«:Kl SIcKfiSn&ttffiC 

S 1 1 *t. y- 9 t-f :t>®j£:« 1 3 ©WfcSR 

[0 0 2 11 Wffi«liiS^-5'f:j->-fe>1}-5^mxrt 

as. ;i©a^[iij8H-cw&*»JS<t5ic, 'fit^'-fevi}- 

©•fe>-y-|Hl»l 7tt. CMOSS!i7^2i: I SFETjR^- 50 
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6 

c:©j|?;Px-5?7*n7®»fc*t»T. A^ftfc. nM 
OS (2 A) t I SFET3R^3©2t5©^SI#:^^** 
SfiSn. I SFET*i^3tt#K(EA*a^«8tLT 
JgJEK^n, nMOS (2 A) BKeA*«^<t bTJg 

rtsn*. H2fc*anfcjp;i'x-s?7*ni7ia)e-e 

tt. A'vT^U^WiSiSSigSia^l 4t«S^l 5 t©ra 
ffl-rJ:5KLTV»-5. J:CT14tt«iliJ8?, 15147 

-f :t>B!>SR 1 3*»6tfl*an5«affl^*ffla-r«« 

[0 0 2 21 H3I4, 'f*>-fe>tf©i9ie©xA-fX© 

ii-as^-r^HTfts, ->'jii>'»fii©±tc, CM 

O S*^ 2 1 1 S F ET5R^ 3 tS#A;-e«li*an-5BI 

2ft:*bfcjH;VT— $?7*D>7@»Mi5«». ij^i 
Kjii^«»t*> s-fe >-!J-@» 1 7 £«a-r «) fc*©^ u 'f 

5 HKl 2*tttfflan-5. W)«©aD:3fJ-<5 HRl 2 

ct40f%fi^(cn){^nns©«i«t^j«$n. cLositc-f 

:t>Sj£:iSl Sj&tRltenS. I SFETstlT-fce. H 
l-pKML&aO, ■e©»!it)a:-5M0SFETSl?O 

y-hfi«i:8(fian.&a^)ii i$istt> z:©a^Ji 

1 1 3 'p^wnzii.mr^-i :tymf^m i s ©iE^ts 

3f*T3S^bTViS, e^Sl l©5feaj©»«f4'f:t> 
SS>£:K1 3©^K^»(fl^i;-tr%D, 'f:^>[ii£:Rl 3 

Vis. Z<D^o\ZLr, ISFETfU^SOV-hmm «^ 
t-f :t >SJ6)fi 1 3 it. 1 1 LT«a«tC« 

ttan*. fi!r]*©«is«^ 1 4. 7-xa^^i 
5. a*«^i6tt, >'U3>sfiijb-i'*>ajSKi 
3«tea$nfe«ss^)4S5tffl9(;i{is-r-&«sisic. 
TEsans. 

[0 0 2 31 ±ffi«^S^-r«««lfl:'f:t>'fe>U-T? 
f4. I S F E T3l?©y- h^m 9 i-f *>a!iS)8 1 3 

t©Mic-fe>-»M5i»i 7Sfiia-rst8()8**b&64e 

1 lS«(t> -r^t-^fi^Rl 3$tteu;^«(ffi©3&S 

1 l<&y-h«fi9(resiMlc:»a-r-5J:5lcbTtr» 

•5. *»*>4a4fe®i iicj:n«, xA'fxsgfflraict) 
fcoTajejgatfcsat&t*. 'f:^->aigRi 3*a 

mn^K 13*0 t)T»ffly- h««^y- httRis^© 

[0 0 2 4] ^^■t.>-mmti^)V7—i?y:taumK 
t Lrmmtstu ^mRmxi3mTSi<o i s f et« 
T3©y-hs«9fc, B»^5a*©'f*>sisifii 3 
sttHUfca^ii i&tt^WKffii!srr5<fc5ici/&fc 
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>a5«:K 1 3 Jc*»t<5«wa:Sfl:S-€-©aSiSSSicHi*r 

[0 0 2 5] ±SB®|lifiW::feViT. -fe^u-iiiassffa w 

fliRtUTtt. (PaO) . «fl:a^ 

(P. Oi ) , Kft-f y>":?A (I, o> ) )S«fflvs6n 

[0 0 2 6] :**±l2Sltt«iillr*ViT, »fttt^^©J: 

[0 0 2 7] J*tfc, ±E«eSWr5«Wfl:'f:t>-fe> 
■!J-©ffiffl;Erfe&BJ4*#JiaLTSiWr«. H4tt. 

MIC ismafc-f *>fe>i*-©«y8tt«T©«a«i«* 

^'}'t>©'C3fe5. 
[0 0 2 8] 894 t:tet.»T> 2 0tt$S. 2.1tt«»2 
0l»gJCiR«3n&ffl3£gfjR-t?*4. *»95t:J;^-f:t> 

5. ja5£»St2 i©'*'»ce-fe>i}-i3iisi 7*(»i)a-rs-fe 

>-y-xA'f ^ 2 2 :t ^fflJBK 1 3 ©S5»*tjB!iejS 
«2 l©»t>JcSaan5J:5fcH»f3ia«SlTB2HL.. 
B.:3j:©-fe>t)-xA'f X2 2 lcms©E)il*»»*T#fla 
Sa2 3SEI9:-rs. J:©i3>4ffifflttfiBfc:fe»t5-fe> 
iJ-xM-f ;^ 2 2 ft, *ia±0 3 »r*Sn*:«l££«Wr5 
t>©fc*ViT, 'f:t>'«E«:ifil 3©88»©»S«fflUJi 
:3-€-©ffi©855J-tt-r'<TiansJ:5lc, /-^yir— :?2 4 
•Cll«*nTVJ.5. •fe>"y-x/t'fX2 2©/'<^/'5^-$?± 
ffi*>&3*©'J-H«l 4A, 15 A. 16A*t5l€flH 4» 
StlTV^S**, U-H«14ABWEjJ«;i'X-i?7*n 

7|5iK®«ii«^i4!6>^§l#Uisn&'b©r, As/x 

U 2 5 ©iESg^ klSSfiiSn. U - H« 1 5 AttsK;l'5r- 
5^7*n7@»07-X«Tl 5)8»65l#lB3nfct>© 
T, A*<;/xU 2 5 ©^a^lcSSKSn, 'J- F« 1 6 A 

n&t)©Tr, «Effl-2 6®-^r©AA*B-T2 6 alCftiR 

^nrvi-s, fliEtt2 6tt-fe>wt'fx2 2©aj*« 

©-e»S. 2 3 omm=Hs^ e © U - HiS 2 3 £0 
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Ajiy-cyxu 2 5©A«H'»ctta$ns. /ts/xu 25 
©^«TpttaBEth 2 6 frnnoxiimf- 26b 

[0 0 2 9] :t>-fe>tJ-rtt. g^J!l3a*ff5-fe>1}- 

1 7 S^O-fe>-tJ-x/W X 2 2 fcntrttsj^fp* 
ffA-r, #flBffiffi2 3t©»*^t)*r»l)gftfP*tfft> 
ns. f&t)^. #Maffi2 3i©mc9f«®«EEM« 

[0 0 3 0] ±la-^*>■fe>•t^®«H««7?», ■{:>-!}■ 

xA'^f ;^ 2 2 IC«**«J&-r.Sfc«)©n5^5rU 2 5©^ 

TS!lf^$1t«.c:t*tr*. #BB«ffi2 3©fc8e>®«ffl© 
ttig&l!t(t«j£!>S»&v>. ll®<l:^lc^M€ffi2 
3*-fe>U-BKffl©n?;xU 2 5©ftSB^icjai5«rrs« 
ItT?, ■fe>1}-|Hl«S**iirf^-C€f2.©tt. •fe>D-xA'fX2 
2 SSiS-r-SaPBT. JP;Wx-i?7*n7lilK©A*S 
«ra(tfciaEnMOS (2A) RC^I S FETl!S^-3© 

H5*#J»LT, H5»«afl; 
-f:t>-fe>-iJ-©ffl*©»1*ttS*-r. H+2 7tt-fe>-9- 

=fn^ X 2 2 © L/Sir»fia«^»L;iftv»«^®#Meffia 
jEEc?*-rs-fe>ij-®a;>3mBE®«fl:«^-r. ::®«^. 

•fe>-y-|ilK®aig«Ett5#;Ph-C»0, ffl^gStttp 

H 7 . 0 © h u X • *r>«««f«*fflv>T^»s. mmvL 

#lie««i(c«ffi®ttSi%S»t-&;::£:icJ:r). ^BBSffi® 
BillllSEffl*-b:>-y-@»®Sig«)EE®ifffifillclW£L.Ja: 

&. cinfc^UT, •fe>iJ-5rn'fx2 2*si3S-r-5aiii 

T»ji©»<«;il« I S F ETsJl?©U#V>fii*(afll 
b, I SFETill?«x:/Wy->3>^"f7'tLT»ldc 
rat. i|$ttftll*«H4«2 8lc*-r»<. A©llIk:->7 

fc!|#tt2 Slcitltf. 0fiR«fS©«EE*tO3p;Vh. -r^S: 

>-i:>i^ir», #Rgsfii2 3iciiu9ffl©fyiSft(t-& 

!JMI*t;fS: < . ^fl8«S 2 3 S-fe >^'T/U X 2 2 © ;t5> 
T^U 2 5©A<g^fc«S«UT0*JWHCi8«UT*W 

tf. ■fe>i}-|3»i 7*»fP$-e-4c:i:!«(iT*. rnfcJ: 
sn^^T-y 2 5 1. •fe>iJ-iei?si 7 &^tr-fe>-y-x;t-i' 

X 2 2 &t^#ll«a 2 3 1 ©W© U - H«©*ft*^;ft 

<-r«ci:*Jt?*«©T, -otTjKihasff^i^fc^a 

ASfcttT. As/xU2 5®iE«[|^IC^^«a2 3S» 
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[0 0 3 1] ±?B®»<, *589i»:fil«SMaft'f :i->-fe 

>-t)-{cintt. Atimz^n^^fi< tt> i s fet^ 

«. y-h«ffi:'f:t>®>£:iBi:®rata4iQ^ 
[0 0 3 2] a6&t^7tt*5B?giC«.5^«ifl:'f :t> 

^Ki:tTUj!f>HICAU/V'f->X nlffittlCTOT 

fc, *-fe>"»)-CJ:ntf. 10-1-10" Bol/irofBHTT 
lt»je:S*t^6.n, ®atUT5 9. 4 iiiV/decade*t# 

>1^®*6:«i|fttSa^-r. Na* 'f:t>SlSa8tL.T'J5tf 
K* J:0^-^itil8«Htt«*>-D&*t, 10-^ 

~io-^iioi/i <Dmm'v\&mt^im?>n. mmtv 

T5 6. 5 nV/ decade *t#enfc. 
[0 0 3 31 *5SeiCIS-5m«lft'f*>-fe>-9-®ll2* 

[0 0 3 4] H8JC^l»T, •fe>U-xA'fX2 2®5feS 
ffiK:Na'f^>S£l&IS2 9a:K>f:t>SUSlS3 0 2:#Ke ^ 

««3 i*tattenTv»4. a-oT. c:®siJs«T?tt. 
2«lS®^:^>ai;&:N2 9. 3 0^. pmmmait 

3S«, 1 t3®-fe>-!}-x;t-f X 2 2 ®±fcf^ ens. -fe^lJ- 
T*-'^-^ X 2 2 ®as*:«®«|jitt. a 9 JCa^-r«l < , -> u 
3 >S« 1 ®±ic}gflEUfcKft:Bl 3 2 »r^a®'f :t >a 

fE:ie2 9. 3 oRxmmmms i ^^muri^iebTt'^ 

«a®'f:t>iS«llia:#8Sfilttffiy;W% 
^«-r-5fc«)®?l*/t^'-->^'Ufc*'M5 HR3 3 

*fflvi<5. 'f*>asj6:ifi2 9. 3o®-tE-n-entt, 

>ffi*siB3 0tt. -tn-^n, 11 icttfistiTVi 
5. #e&®i itt, ->U3>Kft:K3 2»cttfiSsWlc 
t?*fc < Vi®T?. »«Hi: UT^^ »i 1 0 b *«»T 
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